Background Gastric cancer accounts for 5 % of cancer deaths. Proportions of older stomach cancer patients are increasing. Despite the still poor prognosis, standardised treatment has achieved improvements; nonetheless it is questionable whether all age groups have benefitted. Age and outcome need to be examined in a population-based setting. Methods Analyses included Munich Cancer Registry (MCR) data from 8601 invasive gastric cancer patients, diagnosed between 1998 and 2012. Tumour and therapy characteristics and outcome were analysed by two age groups (\70 vs. C70 years). Survival was analysed using the Kaplan-Meier method and relative survival was computed as an estimation for cancer-specific survival.
Introduction
Gastric cancer incidence and mortality in Germany have decreased over more than 3 decades; however, it is still accountable for 3 and 3.7 % of new cancer cases and for 4.6 and 5.1 % of cancer deaths in females and males, respectively [1]. Because of its peak incidence in the 7th decade in males and 8th and 9th decades in females [2] , the proportion of older patients with gastric cancer will increase with the expanding older population in industrial countries [3, 4] .
With knowledge of the poor prognosis of gastric cancer, the National German Guideline ''Diagnosis and Treatment of Oesophagogastric Cancer'' was published in 2011 [5] . Besides the unquestioned procedure of complete tumour resection in localised disease by gastrectomy or partial gastric resection in selected cases, further recommendations concerning adjuvant and neoadjuvant therapies were made. The successful implementation of recommended treatment procedures with high levels of evidence aims at improving population-based outcomes, e.g. survival. The effect of multimodal therapy in gastric cancer, however, has not yet been studied in a large-scale, population-based setting. Furthermore, the development of guidelines is based on randomised clinical trials (RCT), if available. However, elderly patients with gastric cancer have been underrepresented or excluded in RCTs [6] .
In this context, comparative effectiveness research (CER) has become increasingly important in oncology because it strives to compare the benefits and harms of diagnostic, prognostic and therapeutic strategies in terms of effectiveness in actual, representative, health care situations. CER also aims to help clinicians and health care policy makers to reach informed decisions [7] . Of course, prospective randomised controlled clinical trials (RCTs) remain the methodical gold standard, especially for the evaluation of new therapeutic agents. In addition, RCTs provide high internal validity. However, because of restrictive inclusion criteria in RCTs, the results are often not representative for the general population and can therefore not be transferred to routine care, particularly among the elderly. Therefore, observational populationbased cancer registry data should be consulted to evaluate the effects of guidelines [8] . Already existing registry databases such as Surveillance, Epidemiology, and End Results (SEER), the Cancer Research Network or National Cancer Base provide large sample sizes and long-term follow-up [9] .
Significant age-based variations in gastric cancer surgery and adjuvant treatment of the elderly were shown on the basis of a SEER database analysis [10] . On the other hand, other studies did not find significant differences in cancer-specific survival in younger and older age groups if curative surgery had been conducted [11] [12] [13] [14] [15] [16] .
Hence, the objective of this study is to survey tumour characteristics, treatments and outcomes of gastric cancer by age strata in a German population-based setting.
Methods

Data collection
The Munich Cancer Registry (MCR) is the populationbased clinical cancer registry of Upper Bavaria and part of Lower Bavaria (Southern Germany). Its catchment area was enlarged from 2.3 million inhabitants to 3.8 million in 2002 and to 4.6 million in 2007. Pathology reports for solid tumours from all pathology laboratories in this catchment area are available. From these reports, the total number of gastric cancer patients in the region is systematically assessed and the main prognostic factors ascertained. In parallel, clinicians complete standardised forms concerning patients' domicile, age, primary disease characteristics such as TNM stage, histology, grade and therapies. Additionally, the life status of patients with a cancer diagnosis is maintained systematically through death certificates. Thus, active follow-up data are available for about 95 % of all cases.
Patient sample
A total of 11,124 patients with residence in the catchment area were diagnosed with a malignant gastric tumour over the 15-year study period from 1998 to 2012 (Fig. 1) . Patients with an in situ carcinoma, neuroendocrine tumour, sarcoma or lymphoma were excluded as well as death certificate-only cases (DCO, 10.2 %). The analyses of the epidemiological cohort of 8601 patients provide a current and population-based survey of invasive gastric cancer.
Patients with evidence of another previous or synchronous malignant tumour were excluded from survival analyses to eliminate overlapping tumour effects. Thus, the cohort for all survival analyses comprises 7196 patients. Table 1 
Number of participating hospitals
The patients were treated in 64 different surgical and 32 medical hospitals and departments, whereby 24 surgical hospitals provided the documentation for over 85 % of the surgically treated patients and 21 medical hospitals participated in the documentation of over 85 % of the medically treated patients.
Statistics
The MCR organises data in an Oracle database. Statistical analyses were run in SAS (Statistical Analysis System 9.2). Frequency data were analysed using the chi-square test. The percentages of the presented subcategories were related to the sum of each item with available data; missing values were not taken into account. Conditional (cond.) mortality rates are computed by the Cutler-Ederer method.
Observed (unadjusted overall) survival was estimated by the Kaplan-Meier method and tested with the log-rank test. Relative survival was calculated by the ratio of the
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Descriptive analyses of prognostic factors Mortality analyses Survival analyses Outcome of gastric cancer in the elderly: a population-based evaluation… 715
observed survival rate to the expected survival rate. The expected survival time of age-and gender-matched individuals was calculated using life tables of the general German population. Relative survival can be interpreted as survival from cancer after correction for other causes of death and therefore is used as an estimate for cancerspecific survival. To adjust for effects of age on treatment outcome such as postoperative mortality, a conditional survival analysis was calculated for those who survived at least half a year, according to the landmark method proposed by Anderson et al. [17] . The significance level a was set at 0.05 in all statistical tests. For the evaluation of elderly patients, cutoffs at 65, 70 or 75 years are common in the literature, [10, 12, 15, 18, 19] . The \70 vs. C70 year cutoff was chosen because it is also used for risk assessment in surgery [20, 21] . In addition, survival was examined in age groups of 10 years between the 50th and 80th year to provide further detailed information about the effects of age.
Results
Patient and tumour characteristics
The population-based cohort of gastric carcinoma comprises 8601 cases of invasive gastric cancer from 1998 to 2012. The patient characteristics are listed in Table 2 stratified by two age groups: younger than 70 years (median age 61 years, range 19-69 years) vs. 70 years and older (median age 79 years, range 70-102 years). Fifty-seven per cent of the gastric cancer patients were male and 59 % were aged 70 years or older at initial diagnosis. The combined TNM categories showed slightly more advanced stages in the younger age group, e.g. primary distant metastases in 31 % of those younger than 70 years and 23 % in the older age group. Classifications by grade of differentiation and Lauren also showed a higher proportion of tumours with worse prognosis for patients under 70 years, e.g. 76 % of tumours were poor or not differentiated and 48 % were diffuse in the younger vs. 63 and 29 % for undifferentiated and diffuse tumours, respectively, in the older patients. A higher proportion (33 %) of signet cell carcinoma was found in the younger vs. 19 % in the older age group. Tumour site distribution was somewhat more distal in the elderly.
The distribution of missing values differed by age group as well. Except for the Lauren classification, all tumour characteristics were more often unavailable in the older age group. Table 3 presents characteristics concerning the gastric cancer therapy. Considerable differences between patients under 70 or 70 and older were found: in patients under 70 years, surgery was performed more often (74 vs. 60 %), and they received more chemo-or radiotherapy (54 % of the younger patients were treated by surgery only and about 31 % had adjuvant or neoadjuvant radiation therapy or chemotherapy, whereas 80 % of the elderly were treated by surgery only).
Therapy
The proportion of patients with information about palliative therapy only or missing information was 13 % in the younger age group, but 34 % in the older. Missing values concerning therapy correspond to missing values concerning tumour characteristics, first and foremost the pathological TNM stage. In general, information about outpatient biopsies and treatment without curative intent is more infrequently known.
Oncologic tumour resection was conducted in 67 % of the younger patients (2359 of 3520) and in only 52 % of the older patients (2,638 of 5,081). In addition, when performed, surgery was more radical in younger cohorts with 59 % gastrectomies and 12 % oesophageal surgery compared to the older patients with 45 and 6 %, respectively.
The quality of surgery reflected by the status of residual tumour, however, did not show differences between the age groups. The proportion of R0 resected tumours was more than 80 % in both groups.
Mortality
Perioperative mortality or mortality after initial diagnosis (in non-surgery cases or cases with missing information about surgery) as presented in Table 4 shows a relevant difference between the younger and older age group: 4.8 % of the younger patients died within 30 days after surgery or initial diagnosis. Of those who are 70 years and older 13.1 % (667 of 5081) died within the first 30 days. Most of these patients (namely 431 of 667; 65 %) were non-surgery patients.
Survival
The survival analysis included 7,196 patients with gastric cancer as their first malignant tumour from the years 1998 to 2012. The average and median observation time of the survivors was 64.2 and 56.2 months, respectively. The 5-year overall survival was 28 % and the 5-year relative survival, as an estimate for cancer-specific survival, constituted 33 %. Figure 2a , b presents the observed and relative survival stratified by five age groups. The observed median survival ranged from 2.5 to 0.6 years and the 5-year relative survival (graph B) was between 40.1 and 23.1 %. The survival curves, and especially the relative survival curves, demonstrated first that survival was nearly the same up to an age less than 70 years and that the oldest age group (C80 years) had a considerably worse cancer-specific survival. Second, the survival curves also illustrated that the survival differences were generated in the first and second year and that the curves were more or less collateral and ran parallel from the 2nd to 3rd year after diagnosis.
Therefore, a further survival analysis by age groups was done under the condition that patients had survived at least half a year (n = 4939). This is presented in Fig. 3a, b . The median and 5-year relative survival in the three age groups 50-59, 60-69 and 70-79 years was comparable, as shown in Graph B: median survival was between 2.9 and 4.1 years and 5-year relative survival was between 47.7 and 49.5 %. In addition, the curves of the youngest and oldest age Outcome of gastric cancer in the elderly: a population-based evaluation… 719 groups were quite congruent and slightly worse than in patients aged 60-69, with a 5-year relative survival of 44.3 and 43.3 % for patients up to the 5th and in the 7th decade, respectively.
Discussion
This study presents population-based and representative information on invasive gastric cancer; age and sex distributions are generalisable to all of Bavaria [22] and the relative 5-year-survival of 33 % is comparable to 31 % for the whole of Germany [1] . In comparison to other European countries, the proportion of the elderly (70? years) is less (59 vs. 66 % in the UK [23] , 63 % in Sweden [24] ). The survival of this cohort is better than in many other European countries and in the USA, which may partially be explained by differences in stage distribution [9, [23] [24] [25] [26] .
It is widely agreed that the proportion of elderly patients is increasing in oncology. In this setting, it is generally claimed that elderly patients are often provided with substandard chemotherapy or surgical options [19, 27] . A report by Macmillan Cancer Support stated in 2010: ''Improvements in mortality have been slower in older people than in younger people. Older people with cancer receive less intensive treatment than younger people. There is increasing evidence that under-treatment of older people may occur'' [28] . One reason for under-treatment could be due to clinicians' frequent underestimation of the life expectancy of the elderly; another could be limitations in economic resources. Additionally, the omission of the elderly from clinical trials and the subsequent lack of evidence for treatment of elderly patients have been criticised [18, 29] .
Referring to these circumstances, the MCR data also show that elderly patients aged 70 and beyond have more tumours with a better prognosis (less primary M1, more differentiated, more intestinal type) and are also treated less radically with less oncologic resection and fewer adjuvant therapies, and they have worse survival. SEER data also show an increasing proportion of partial gastric resection and a decreasing proportion of adequate lymphonodal evaluation and adjuvant radiation therapy with increasing age [10] . The higher proportion of missing data concerning tumour stage and treatment in the elderly probably points to less treatment with curative intent. Nevertheless, 21 % of the elderly in MCR data have other previous or synchronous malignant tumours at initial diagnosis, which may also influence the primary therapy. In the younger patients this proportion is only about 12 %.
This raises the question whether treatment and care of older patients is really worse than those of the younger ones or whether the elderly are treated adequately with consideration of their medical history and comorbidities. Besides second malignancies, many other factors such as comorbidity, decreased functional status, alterations in mental status and an assumed inability to tolerate treatment are all factors that may influence the selection of therapy and thus may affect survival of the elderly [20] .
There are some hints within our data that suggest that specific patient cohorts with burdens of comorbidity or bad general conditions account for the observed worse survival of elderly patients rather than the cause being due to poorer health care administered to these elderly patients in general:
At first, the MCR data show that R0 resection is conducted as often in the elderly as in the younger ones if they undergo oncologic tumour resection (81 vs. 83 %). Furthermore, there is little evidence for differences in surgical techniques, which appear to be independent of the patients' age but rather dependent on tumour localisation. Hence, surgical treatment quality seems to be comparable between the two age groups. Those clinical trials that have analysed surgery in regard to age noted that selected elderly in good general condition and functional, social and mental status benefit from oncologic resection and peri-or postoperative chemotherapy as much as the younger ones [12, 30] .
Secondly, the worse survival of elderly patients is primarily due to the mortality within the first 30 days post diagnosis and partly due to mortality within the first half year. This is another hint for different characteristics of the age cohorts, i.e. younger patients in better general condition and the older patients with comorbidities, as well as other complicating circumstances. There is little evidence for differences in surgical techniques that appear to be independent of the patients' age.
Thirdly, the early diverging survival curves also do not offer hints for ''better'' adjuvant or additive therapy in the younger patients and substandard therapy in the elderly. If this were the case, the curves would diverge much later. In fact, the cohort of elderly patients, with a 30-day mortality of 13 %, cannot be comparable to those in clinical trials that present perioperative mortality lower than 3 % [14, 15] . Effects of therapy cannot explain differences like these. The high proportion of non-surgery patients in the early mortality of the elderly of 65 % also supports the assumption of basically different cohorts that demand different indications for therapy: surgery in patients who die within 30 days rightly appears to miss the target of treatment.
The elimination of early mortality by the landmark analysis explicitly reduces the observed survival differences: if patients have survived the first 6 months, an age between 50 to 79 years has no impact on the further survival. Only the youngest (\50) and the oldest (80?) patients have the same, slightly worse survival, presumably explained by the more aggressive tumour characteristics in the younger patients and the effects of cellular senescence in the oldest patients [31] .
While the arguments are coherent and the study cohort seems to be representative, there are nevertheless some limitations of this study that have to be mentioned, especially the missing information concerning tumour-specific characteristics and therapeutic measures in the older group. However, missing values may indicate that older patients are more often treated without curative intent and surgery is avoided to prevent further complications, whereas the reduction of lifetime may be accepted, an adequate proceeding in palliative situations. Although some information is missing, patients were not excluded from survival analyses because conclusions regarding the effectiveness of the health care system and gastric cancer as a whole are not influenced. Nevertheless, improvement in completeness of registry information would sharpen this population-based instrument for the future. Another very important limiting aspect is the lack of information about comorbidities and patients' general conditions. Comparisons of age groups would be more conclusive with adjustment of these characteristics as well as information on socio-economic circumstances.
Conclusion
Apparently, a large proportion of older stomach cancer patients is in a difficult situation in which undergoing oncologic surgery can cause death because of perioperative or surgical complications or can increase frailty after gastric resection while treatment by even best supportive palliative care results in death due to tumour growth. Hence, it can be stated that indecisive implementation of guideline recommendations in elderly patient cohorts need not be a sign of deficient health care at all. Rather, the fitness of the older patient must be severely weighed in oncologic treatment decisions. The treatment and care of the elderly gastric cancer patients in the MCR catchment area seem to take place appropriately: if the patient's general condition allows oncologic resection and chemotherapy, it is conducted and the result is comparable across age groups.
